Abstract Two 1-deoxynojirimycin derivatives, 1-deoxynojirimycin-6-phosphate (1) and N-methyl-1-deoxynojirimycin-6-phosphate (2) were isolated from an aqueous extract of Micronesian marine sponge Lendenfeldia chondrodes for the first time as natural products. Structures of these compounds were assigned on the basis of their spectral data and chemical degradation.
1-Deoxynojirimycin (dNM) is an iminosugar first isolated from Mori Cortex (dried root bark of mulberry tree, Morus spp.) [1] . dNM and its N-alkyl derivatives are potent inhibitors of a -glucosidase [2] , and this activity is purportedly responsible for their intriguing biological actions such as antiviral activity [3ϳ6] , impediment of HIV infection [7] , inhibition of spermatogenesis [8] . Thus, not only dNM itself but also some N-alkylated dNM's are therapeutic candidates in the areas of hyperglycemia, AIDS, and Gaucher disease [9ϳ14] .
We have been conducting an extensive survey for structurally interesting bioactive amino acids and related compounds from aqueous extract of the Micronesian sponge, Lendenfeldia chondrodes (formally identified as Dysidea herbacea) collected in Yap, Micronesia since the discovery of novel excitatory amino acid dysiherbaine [15] . In the course of the study we have isolated neodysiherbaine A [16] , and several new betaines such as dysibetaine [17] , dysibetaine PP, dysibetaine CPa and CPb [18] , and demonstrated that this sponge is a rich source of novel amino acid derivatives of some biomedical interests. In this paper, we deal with isolation and structure elucidations of deoxynojirimycin derivatives: 1-deoxynojirimycin-6-phosphate (1) and its N-methyl derivative (2) from this sponge. This is the first example of isolation of phosphates derivatives of deoxynojirimycin in nature.
A sample of L. chondrodes was collected in Yap, Micronesia at depth of 6ϳ8 m. The aqueous extract was separated by a series of gel filtration, anion exchange chromatographies, then finally by reversed-phase HPLC to afford compounds 1 and 2. In the anion exchange chromatography both 1 and 2 were eluted as a broad slope with acetic acid (0.05 N).
The 1 H NMR data for 1 were characteristics of highly oxygenated compound, in that all resonances were observed between d 2.8 and 4.1 for eight protons. In the 13 C NMR spectrum six resonances were observed, but two of these signals, resonating at d 59.4 and 61.7, were broad and split. A FABMS spectrum for 1 gave a molecular ion at m/z 244 (MϩH) ϩ . Since the high resolution FABMS analysis of the molecular ion, m/z 244.0566, suggested a possible formula C 6 H 14 NO 7 P for 1, a 31 P NMR spectrum of 1 was measured that not only confirmed a presence of phosphorus atom but also assigned it as the phosphate group on the basis of chemical shift (d 3.14) . The splitting of signals observed in the 13 C NMR, due to the C-P coupling is consistent with these data. COSY data for 1 (Table 1 ) indicated a spin system as shown in Figure 1 . Since the molecular formula of 1 requires one unsaturation, while no evidence for sp 2 carbon including carbonyl groups was observed in the NMR data, mono-cyclic structure of 1 was evident. The NMR chemical shifts and HMBC correlations between H-5 and C-1 readily assigned the 1-deoxyiminohexose structure for 1. The position of the phosphate group was assigned at C-6 because irradiation of the phosphate signal in the 31 P NMR corrupted the 1 H signal at d 4.08 for H-6. Additionally C-6 and C-5 were observed as split signals in the 13 C NMR. The 3 J H-H coupling analysis indicated that all the oxygen atoms in the piperidine ring oriented equatorially (Fig. 1) . These data suggested that the structure of 1 was 1-deoxynojirimycin-6-O-phosphate. A treatment of 1 with 6 N NaOH followed by acetic anhydride in pyridine afforded peracetyl dNM (3). FABMS, 1 H NMR, and TLC data for 3 were identical with those derived from the authentic material, and additionally the CD spectrum gave the same sign and lext as the authentic sample. We thus concluded that the absolute configuration of 1 is the same as that of dNM. The molecular formula of compound 2, C 7 H 16 NO 7 P, was assigned on the basis of FABMS and 13 C NMR data. NMR for 2 shared very similar characteristics with those for 1 except for the presence of a methyl singlet at d 2.98 and corresponding resonated at d 2.94 in the 31 P NMR spectrum, and an irradiation of the 31 P signal resulted in simplification of the 1 H signals for CH 2 -6. These data assigned the position of phosphate group at C-6. All the protons and carbons were assigned by two-dimensional NMR data. In the HMBC spectrum, cross peaks between the N-CH 3 protons and C-1 and C-5, confirmed the iminohexose carbon skeleton for 2. All those data were consistent with the structure of N-methyl-1-deoxynojirimycin-6-O-phosphate (2) .
A numbers of dNM and related compounds have been isolated from terrestrial plants [19, 20] as well as microorganisms [21, 22] , however, to the best of our knowledge, this is the first example of isolation of dNM from marine organisms. Compounds 1 and 2, 1-phosphate derivatives of dNM have not previously been reported as natural products. Incidentally however, compounds 2 and its N-butyl derivative have been prepared by enzymatic conversion of dNM with yeast hexokinase as prodrugs for a treatment of AIDS. In the a-glucosidase inhibition assay, both dNM and 1 showed activity albeit with significant differences in potency with Ki value of 0.83 and 6600 mM, respectively [23] .
Experimental
NMR data were recorded at either 400, or 500 MHz for 1 H, 100 or 125 MHz for 13 
Biological Material
A sample of Lendenfeldia chondrodes was collected in Yap state Micronesia at depth of 6ϳ8 m. The sponge was formerly identified as Dysidea herbacea, however, recent study pointed out that identification of some dictyoceratid sponges including D. herbacea by their morphology alone is extremely difficult, and genetic analysis is necessary to draw conclusion [24] . We thus examined 5.8S, ITS-2 and 28S rDNA gene sequence of this specimen and found it was nearly identical with that of L. chondrodes. Detailed study on biological aspects of this sponge will be published elsewhere.
Isolation
The sponge (200 g) was homogenized with equal amount of water, 2-propanol was added to precipitate macromolecules, centrifuged, and then the supernatant was concentrated to give the aqueous extract (8.5 g ). This was separated on a Sephadex LH20 column (5ϫ63 mm), and the fractions which contained 1 and 2 (400ϳ600 ml eluate, 1.87 g) were combined and further separated with a Biogel P-2 column (5ϫ63 mm). The fractions eluted between 900 and 1040 ml were combined and further separated by anion exchange column (DE 52, 1.5ϫ14 cm, Whatman) with successive water (100 ml), acetic acid (0.05 N, 200 ml) and a liner gradient with acetic acid (0.05 N, 300 ml) -ammonium acetate (0.05 N, 300 ml). Compounds 1 and 2 were eluted with the gradient buffer between 220ϳ290 ml fractions. These compounds were finally purified by C30 reversed-phase column (Develosil, 1ϫ20 cm, Nomura Chemical Co.) equipped with a refractive index detector using water as an eluent. Authentic and naturally derived 3 co-migrated on TLC (silica gel, CHCl 3 -MeOH, 9 : 1) at Rf value of 0.7 as a blight red spot visualized by ninhydrin.
